The successful experimental transmission of enzootic intranasal tumor (EIT) from goat to goat is described. Ten kids, less than 48 hours old, from a Hock free of the disease and seronegative for ruminant lentiviruses were inoculated intranasally or intrasinusally with either nasal Huid from goats with naturally occurring EIT or EIT retrovirus concentrated from such Huids. EIT was induced in three kids after 12-24 months. The EIT retrovirus was demonstrated in tumor material from each of the three kids by western blotting and electron microscopy. All kids were seronegative for ruminant lentiviruses. Vet Pathol 3 2 1 , 1995 Enzootic Nasal Tumors of Goats 23 12 York DF, Vigne R, Venvoerd DW, Querat G: Nucleotide sequence of jaagsiekte retrovirus, an exogenous and endogenous type D and B retrovirus of sheep and goats. J Virol 66:4930-4939, 1992 13 Young S, Lovelace SA, Hawkins WW, Catlin JE: Neoplasms of the olfactory mucous membrane of sheep.
Enzootic intranasal tumors (EIT, enzootic nasal adenocarcinoma) of sheep and goats are diseases characterized by neoplastic transformation of nasal glands. Profuse seromucous nasal exudate, dyspnea, stertorous breathing, and skull deformations are characteristic of these two disease^.^,^-'%",'^ Although the etiology of these diseases is unknown at present, several features suggest that they are infectious and that a virus could be involved. Ultrastructural studies have revealed retrovirus-like particles in association with epithelial cells in both sheep and g~ats.*,~,'J~ Furthermore, nasal exudate and tumor tissue from goats with EIT contain a reverse transcriptase activity associated with a particle with typical bouyant density. The same particle contained a 25,000-Mr protein that cross-reated antigenically with the p27 capsid protein of Mason-Pfizer monkey virus (MPMV) and p25 of sheep pulmonary adenomatosis retrovirus. It also contained a low-Mr protein related to p 10-12 of MPMV.3 A particle-associated 25,000-Mr protein that cross-reacted with the p27 of MPMV also has been detected in nasal fluids of sheep with naturally occurring EIT.3 Thus each of these two nasal tumors of small ruminants is associated with a type-D-like retrovirus.
Epidemiologic observations pointing to the infectious nature of EIT in sheep have been supported by the successful experimental transmission in sheep using filtrates of tumor that were free of bacteria and ce1ls.l In this paper, we report the successful transmission of EIT in goats using nasal exudate containing the type-D-like retrovirus.
Materials and Methods
Ten kids less than 48 hours old were used as experimental animals. They belonged to a herd without any clinical history of intranasal tumors. All does were seronegative for visna/ maedi virus by agar-gel immunodiffussion test (AGIDT) (Maeditect, Central Veterinary Laboratory, Weybridge, England).
The inoculum was prepared as follows. From three goats with naturally occumng EIT, nasal fluids were taken using sterile containers, and stored at -70 C. After thawing, the fluids were pooled and filtered with gauze to remove large particles and were clarified by centrifugation at 11,000 x g, for 30 minutes at 4 C. The clear supernate was removed and concentrated by further centrifugation at 100,000 x g for 1 hour at 4 C. The resulting pellets were resuspended in sufficient supernate to give a 100-fold concentrate, which was checked for the presence of the EIT retrovirus by sodium dodecyl sulfate polyacrylamide gel electrophoresis SDS-PAGE and western blotting using a goat antiserum to MPMV structural protein ~2 7 .~ Kids were assigned to one of three groups and inoculated with EIT nasal exudate as indicated (Table 1) . Two kids were inoculated intranasally with 20 ml of nasal exudate, clarified by centrifugation at 1 1,000 x g (group A). One milliliter of 20-fold concentrated nasal fluid was inoculated intranasally into three kids (group B) and into the frontal sinuses of five kids (group C). The kids were euthanatized using barbiturates between 12 and 24 months postinoculation ( Table 1) .
Samples of the tumor and nasal turbinates of all kids were fixed in 10% neutral buffered formalin. Selected sections were processed routinely in an automatic tissue processor, embedded in paraffin, sectioned at 4-6 fim, and stained with hematoxylin and eosin (HE). Samples from retropharyngeal lymph nodes (Lnn. retropharyngei medialis) and other organs also were taken and processed in the same way. For electron microscopic examination, selected areas from the tumors and/or nasal conchae were processed by routine methods as described previously.* Tumor tissue and nasal exudate were examined for the presence of EIT retrovirus by western blotting3 using a rabbit antiserum to sheep pulmonary adenomatosis retrovirus p25. These samples also reacted with the 25,000-Mr proteins of retroviruses associated with EIT of goats and sheep (unpublished observations).
The sera of all kids were tested by AGIDT for antibodies against maedihisna virus and by western blotting using EIT retrovirus prepared from nasal exudate as antigen for antibodies to the EIT retrovirus.
Results
No clinical manifestations of EIT were observed in any kid from groups A and B. However, one animal from group C showed a continuous seromucous nasal discharge 16-1 7 months after inoculation. Later, softening of the left nasolateral area with a nodular protrusion appeared. Stertorous breathing and loss of At necropsy of the eight animals euthanatized at 12-14 months, one kid from group B (kid TB) and one from group C (kid TC1) showed intranasal tumors. Small polypoid proliferations on the right nasal ethmoidal conchae with minimal distortion of normal structures was observed in the kid from group B. The other kid from group C showed tumor formation in the right ethmoidal area, but the neoplastic formation was more extensive. The normal ethmoidal conchae were replaced by a whitish or reddish polypoid neoplasm. No neoplastic lesions were observed in the other six kids.
Two kids from group C were euthanatized 24 months after treatment, and at necropsy, only the kid showing clinical signs had evidence of intranasal tumor (kid TC2). This tumor was confined to the left nasal ethmoidal area and appeared soft, gray-white with a polypoid surface covered by mucus. Nasal polyps close to the tumor also were observed (Fig. 1) .
Histologically, the characteristic microscopic pattern of EIT was observed in all tumors. Nasal glands proliferated into acinar, tubular, or papillary arrangeweight were observed. ments. The stroma was scanty and infiltrated by plas- Fig. 1 . Ethmoidal nasal area; kid TC2. Cauliflower-like tumor is covered with mucus. ma cells, lymphocytes, and a few macrophages (Fig.  2 ). No neoplastic tissue was observed in the other kids during microscopic examination of the nasal samples. Retropharyngeal lymph nodes were slightly enlarged, with uniform and wet surfaces. Histologically, the image of a hyperplastic lymph node with secondary follicles was observed in all kids, and no metastases were detected.
Electron microscopic examination of the tumors showed cellular morphology and retrovirus-like particles similar to those reported in natural cases. Intracytoplasmatic type A-like particles were observed, generally near to the luminal margins. These particles had a double-shelled structure, 60-70 nm in diameter, the inner shell of which was more electron dense ( Fig. 3) . Solitary particles, 90-100 nm in diameter and containing a centrally located electron-dense ring, were observed budding from the apical microvilli of tumor cells (Fig. 3) . The extracellular particles were 90-100 nm in diameter with a ring-shaped or eccentric dense core and envelope covered in 6-8-nm spikes (Fig. 3) .
These particles were observed either as solitary particles or in small groups. No viral particles were found in kids without tumors. In addition, a 25,000-Mr pro- 
Discussion
The present experiment demonstrated that EIT may be transmitted experimentally in young kids with concentrated EIT nasal exudate. The incubation period of 12-16 months was much longer than that required to induce sheep pulmonary adenomatosis (SPA) in neonatal lambs with SPA retrovirus (SPARV).9 However, goats may be inherently more resistant t o these viruses; induction of SPA in goat kids was much slower and less efficient than in lambs.l0
Previous studies have indicated that both tumor and nasal exudates from goats with naturally occurring EIT contain a type D-like retrovirus related t o MPMV and SPARV.4 Nasal tumor was induced in three of eight kids inoculated in the upper respiratory tract with EIT retrovirus extracted from such material, and a type D-like retrovirus was demonstrated in each of these three kids by electron microscopy and/or western blotting. Thus, these results support the notion that this retrovirus is implicated in the development of EIT in goats.
Type D-like retroviruses now have been demon-strated in three tumors arising from secretary epithelial cells in the respiratory tract of small ruminants. These tumors are SPA,* EIT of goats,4 and EIT of ~h e e p .~
The retroviruses associated with SPA and EIT of goats can transmit the tumor experimentally, but the mechanisms of oncogenesis are unclear. In natural infection, the incubation period of these tumors is months to years. In contrast, the SPARV can induce tumors in 3-8 weeks in neonatal lambs,9 suggesting that the oncogenic potential of SPARV might be encoded by a viral gene. However, the published SPARV genome sequence shows no homology with any known oncogene.I2 It therefore will be important to compare these small ruminant type D-like retroviruses and investigate the way in which they transform secretory epithelial cells.
